BACKGROUND: Sequential changes in left ventricular (LV) systolic function over time in patients with recurrent episodes of Kawasaki disease (KD) remain unclear. METHODS: Twenty-five children with recurrent KD were retrospectively studied. Using conventional echocardiographic parameters and myocardial deformation analysis, systolic LV function in children in initial and recurrent KD episodes were compared with separate control groups, comprising 15 controls each. Recurrent KD was defined as occurring at an interval of ≥2 months between the initial and recurrent episodes.
INTRODUCTION
Kawasaki disease (KD) is a systemic vasculitis of childhood, with a recurrence rate of approximately 2%-4%. 1) Left ventricular (LV) dysfunction has been reported to occur in 50% to 70% of children in the acute stage of KD, 2) and has been shown to rapidly improve with high-dose intravenous immune globulin (IVIG) treatment.
3) However, studies on the incidence of cardiac sequelae in children with recurrent episodes of KD have reported conflicting results. One study reported an increased incidence of coronary artery abnormalities in recurrent KD, 4) while another reported similar risk of coronary artery abnormalities in children in initial and recurrent KD episodes. 5) By analyzing myocardial strain, a parameter that indicates percentage of change in the length of myocardial fibers, 6) systolic and diastolic dysfunction in children in the acute phase of KD has been assessed. [7] [8] [9] Myocardial strain can be assessed with velocity vector imaging, a technique using endocardial contour tracking to determine cardiac function. 10) Previous studies on cardiac function in children with KD utilized conventional echocardiography to analyze changes in LV function, and demonstrated recovery of LV systolic function over time.
2)3) However, more sensitive methods such as myocardial deformation imaging may be able to detect possible LV dysfunction over time in children with recurrent KD. To date, sequential changes in systolic LV function over time in patients who experience recurrent episodes of KD remain unclear. We aimed to analyze sequential changes in LV systolic function in children with recurrent episodes of KD.
METHODS

Study population
The clinical and available echocardiographic data of 25 children who experienced recurrent episodes of KD were retrospectively studied. Children with KD who were initially admitted to CHA Bundang Medical Center between March 2006 and January 2012 for treatment of KD and who subsequently had recurrent episodes of KD were recruited from the medical database. The diagnosis of KD was established according to the American Heart Association guidelines.
11) Recurrent KD was defined as occurring at an interval of ≥ 2 months between the first and second episodes. 12) For controls, the echocardiograms of those who visited the outpatient clinic for evaluation of murmurs or noncardiac chest pain were analyzed. Infants with structural congenital heart defects and children who presented with incomplete KD 11) were excluded from this study. All children with KD underwent echocardiography at the time of admission before IVIG treatment for the episode. 9) Separate control groups were used for comparison with children in the initial and recurrent episodes of KD, with each group comprising 15 children. For children with KD who had more than one recurrent episode, the clinical and echocardiographic data from the most recent recurrent episode were analyzed. This study was approved by the Institutional Review Board of CHA University Bundang Medical Center, and informed consent was waived due to the retrospective nature of the study.
Clinical data
In all children with KD, echocardiography was performed at the time of admission for initial and recurrent episodes of KD. Immediately after echocardiography was performed and the diagnosis was made, all children with KD were treated with IVIG and aspirin. 9) Laboratory data including hemoglobin levels, white blood cell count, percentage of segmented neutrophils, platelet count, C-reactive protein levels, total bilirubin, transaminase levels, and albumin and serum sodium levels obtained before IVIG treatment, as well as duration of fever before IVIG treatment at the initial and recurrent episodes of KD, were studied. Nonresponders to IVIG were documented as children having fever ≥36 h after initial IVIG treatment.
11)
Echocardiographic data
All echocardiograms were obtained using commercially available ultrasound equipment (Acuson SC 2000, Siemens Medical, Mountain View, CA, USA). Conventional echocardiographic parameters including LV ejection fraction (LVEF) and LV mass indexed to body surface area were measured according to previously published guidelines. 13) Children with KD were defined as having coronary artery lesions (CAL) when the calculated z-scores of the coronary arteries were ≥ 2.5 in one or more of the internal diameters of the proximal right coronary artery, proximal left anterior descending coronary artery, and left main coronary artery. 14) For myocardial deformation data, digital images acquired at 70 frames per second (fps) were analyzed offline using velocity vector imaging software (version 3.0, Siemens Medical). 9) All offline analysis was performed by two investigators who were not aware of the clinical characteristics or the allocations of the study populations (KD group versus controls).
LV longitudinal peak systolic ε was obtained from an apical four-chamber view by manually tracing the endocardial border of the LV at the onset of the QRS wave, and through automatic tracking with the velocity vector imaging software. 9)15) An average of LV longitudinal peak systolic ε curves from six segments (three from the LV free wall and three from the interventricular septum) was derived, and LV longitudinal peak systolic ε was identified as the highest point of the average curve.
9)15)
Statistical analysis
All values are expressed as mean ± standard deviation or minimum -maximum range, as appropriate. SPSS version 24 (IBM SPSS Statistics 24, Armonk, NY, USA) was used to analyze data. Continuous data of KD groups and controls were compared using Student's t-test or the Mann-Whitney U test, as appropriate. Comparisons between acute and convalescent phases of KD were performed with the paired t-test. Categorical variables were analyzed using chi-square tests. A p-value < 0.05 was considered significant. Pearson's or Spearman's correlation was used, as appropriate, to determine associations between laboratory parameters and LV longitudinal peak systolic ε. To assess intraobserver variability, one investigator repeated an analysis of LV longitudinal peak systolic ε in 20 children after 4 weeks. To assess interobserver variability, two independent investigators blinded to the clinical characteristics and the allocations of the study populations at the time of analysis, separately analyzed LV longitudinal peak systolic ε in 20 children. Intraobserver and interobserver variabilities were expressed as the mean percentage error.
9)16)
RESULTS
Clinical data
The clinical data of children with KD in the initial and recurrent episodes and those of controls are shown in Table 1 . Age, body surface area at echocardiography, and heart rate were similar among the KD and control groups at both episodes. In children with KD, 8 (32%) were < 1 year of age at the initial episode, 10 (40%) had a recurrence within 1 year of the initial episode, 4 (16%) were IVIG nonresponders in the initial episode, and 5 (20%) were IVIG nonresponders in the recurrent episode. In the initial and recurrent episodes, 4 and 5 children with KD, respectively, were IVIG nonresponders. In initial episodes, children had total duration of fever for 6.3 ± 2.2 days, while children had total duration of fever for 6.0 ± 1.3 days in recurrent episodes. Five children (20%) had CAL in the acute phase of the initial episode, with return to normal in the convalescent phase. Two children (8%) had CAL in the acute and convalescent phase of the recurrent episode. The interval range between the initial and recurrent episodes of KD was 3-103 months. Among children with recurrent KD, 15 (60%) were boys, 22 (88%) had 2 episodes, 2 (8%) had 3 episodes, and 1 (4%) had 4 episodes. In recurrent episodes of KD, the mean values of hemoglobin, segmented neutrophils, and serum sodium levels were higher than those on the initial episode of KD.
Echocardiographic data
The echocardiographic data of children with KD in the initial and recurrent episodes and those of controls are shown in Table 2 . Among patients with recurrent KD, the initial episode echocardiograms were available for only 16 patients. The duration of fever at the time of admission in both episodes of KD was the time of acquisition (fever days) of myocardial strain parameters (5.9 ± 1.9 days and 5.6 ± 1.0 days in the initial and recurrent episodes, respectively). All children with KD underwent follow-up echocardiograms 2-5 months after treatment for each episode (convalescent phase). No significant differences in the LVEF and LV mass index were found between the KD and control groups in both episodes. The mean LV longitudinal peak systolic ε in the initial and recurrent episodes of KD was within normal range in the acute and convalescent phases. However, in the initial episode in children with KD, LV longitudinal peak systolic ε was decreased in the acute phase, compared with that in controls, but was improved in the convalescent phase. In children with recurrent KD, mean heart rate was significantly higher than that of controls in the acute phase, and LV longitudinal peak systolic ε was decreased, in comparison with that in controls. However, apart from the initial episode, LV longitudinal peak systolic ε in children with recurrent KD was significantly decreased in the convalescent phase, compared with that in controls.
No significant differences were observed in the LV longitudinal peak systolic ε between acute and convalescent phases in initial and recurrent KD.
No significant correlations were found between laboratory parameters and LV longitudinal peak systolic ε in children with KD in initial and recurrent episodes.
The mean percentage error for intraobserver and interobserver variability in LV longitudinal peak systolic ε was 15% and 16%, respectively. 
DISCUSSION
In children in the initial episodes of KD, LV longitudinal peak systolic ε was decreased in the acute phase when compared with that in controls. In children in the recurrent episodes of KD, LV longitudinal peak systolic ε was decreased in both the acute and convalescent phase, compared with that in controls.
To our knowledge, this is the first study to compare the sequential changes in LV longitudinal peak systolic ε in initial and recurrent episodes of KD. Relatively few studies of recurrent KD have been reported . 4)5)12)17) LV longitudinal peak systolic ε has been reported to be a more sensitive parameter than conventional echocardiographic parameters for the detection of early myocardial dysfunction in children. [18] [19] [20] Our results support these findings, as LV longitudinal peak systolic ε in children with acute phase of KD was decreased in comparison with that in controls, in initial and recurrent episodes, while no significant differences in the LVEF or LV mass index were observed between children with KD and controls.
In the acute phase of KD, the degree of myocardial inflammation has been shown to be associated with the severity of myocardial dysfunction. 21) Therefore, recurrent episodes of KD may result in repeated bouts of inflammation due to myocarditis, possibly resulting in more severe myocardial dysfunction. The results of our study seem to support this, since the mean LV longitudinal peak systolic ε was decreased in the convalescent phase of recurrent episodes of KD, compared to that in controls.
A previous study reported that the KD recurrence rate was higher in children who had cardiac sequelae after the initial episode. 12) However, this study did not specify the method of assessing coronary artery abnormalities. In addition, when KD recurs in children with CALs in the initial episode, the risk of CALs in recurrent episodes may be higher. 17) However, no such association of the severity of CALs between initial and recurrent episodes of KD was observed in our study. This might be explained by the difference in the interval range between initial and recurrent episodes of KD, which was longer in our study compared to that in a previous study.
17 ) The relatively longer interval range between initial and recurrent episodes in our study may have allowed CALs in the initial episode to more fully recover. In addition, the small number of patients with KD with CALs might have affected the statistical results of our study. In all 5 children with KD who had CALs in the acute phase of the initial episode, the values of LV longitudinal peak systolic ε increased from the acute to the convalescent phase (acute to convalescent, respectively: 17.2% → 23.0%, 16.0% → 24.1%, 21.0% → 22.0%, 16.8% → 27.0%, 17.0% → 24.6%). In addition, all 2 children who had CALs in the acute and convalescent phase of the recurrent episode showed values of LV longitudinal peak systolic ε in the normal range in the convalescent phase (acute to convalescent, respectively: 23.5% → 19.9%, 20.7% → 21.8% Further studies involving larger numbers of children who experienced recurrent episodes of KD may be needed in order to elucidate the association of CALs and recurrence of KD.
Even though the mean values of LV longitudinal peak systolic ε were decreased in both the acute and convalescent phases in recurrent episodes of KD, when compared with those in controls, LV longitudinal peak systolic ε was within normal range in all episodes of KD. Since more patients with KD had LV longitudinal peak systolic ε within normal range in the acute phase of initial and recurrent episodes than those with decreased values, the overall mean values of LV longitudinal peak systolic ε in the acute phase of KD in initial and recurrent episodes may fall within the normal range.
Another possible explanation for why the mean values of LV longitudinal peak systolic ε were within normal range in all episodes of KD may be that during the long interval between initial and recurrent episodes (3-103 months) , myocardial dysfunction in a subset of initial KD patients may have improved over time. The normalization of myocardial function over time has also been shown in a previous study on prognosis of left atrial reservoir function at long term follow-up in children with a history of KD. 22) An additional explanation could be related to age at diagnosis of recurrent KD episodes. Since children were older when they experienced recurrent episodes of KD, we could speculate that they could tolerate myocardial inflammation more easily and that subsequent LV dysfunction could recover more rapidly compared to that in initial episodes of KD. Another additional explanation for the similar LV longitudinal peak systolic ε in recurrent KD and controls may be the small number of children with CALs or IVIG nonresponders, factors that have been associated with decreased LV function. 23)24) Moreover, as treatment with IVIG has been associated with accelerated recovery of LV function 3) and since all children with KD in our study received IVIG, we could speculate that the decreased LV function caused by myocarditis from repeated recurrences of KD recovered with IVIG treatment.
Limitations
We could not establish causality due to the retrospective nature of our study. The small numbers of children in our study group may have limited our statistical results, especially for subgroup analysis, such as patients with KD with CALs, age < 1 year at KD diagnosis, or the effect of recurrence within < 1 year after the initial KD episode. Even though recovery of LV function over time in KD has been reported, 2) 3) the number of patients with KD and decreased LV longitudinal peak systolic ε in the acute phase was small in our study; therefore, there were limitations in the ability to show recovery of LV systolic function between the acute and convalescent phase in these subgroups of patients.
Not all children with recurrent KD had available initial episode echocardiograms, thus affecting our statistical results. In our study, LV longitudinal peak systolic ε was obtained as an average of six segments from an apical four-chamber view only. 9) Longer follow-up of children with recurrent episodes of KD beyond the convalescent phase may be needed in the future.
CONCLUSIONS
Subclinical decreases in myocardial systolic deformation, as evidenced by decreased LV longitudinal peak systolic ε, may persist in children in the convalescent phase of recurrent KD; further studies involving larger numbers of patients may be needed for verification.
